The composition of capital inflows to emerging market economies tends to follow a predictable dynamic pattern across the business cycle. In most emerging market economies, total inflows are pro-cyclical, with debt and portfolio equity flowing in first, followed later in the expansion by foreign direct investment (FDI). To understand the dynamic composition of these flows, we use a small open economy (SOE) framework to model the composition of capital inflows as the equilibrium outcome of emerging market firms' financing decisions. We show how costly external financing and FDI search costs generate a state contingent cost of financing such that the cheapest source of financing depends on the phase of the business cycle. In this manner, the financial frictions are able to explain the interaction between the types of flows and deliver a time-varying composition of flows, as well as other standard features of emerging market business cycles. If, as this work suggests, flows are an equilibrium outcome of firms' financing decisions, then volatility of capital inflows is not necessarily bad for an economy. Furthermore, using capital controls to shut down one type of flow and encourage another is certain to have both short-and long-run welfare implications.
Introduction
The dynamic composition of gross private capital inflows to emerging market economies can be characterized by three stylized facts. First, total inflows are highly correlated with investment. Second, the individual components of the financial account behave differently depending on where the economy is in the business cycle. Third, correlations between the types of flows suggest there is some degree of substitutability between those flows. Across many of the emerging market economies, total gross private inflows are positively correlated with investment. 1 As Table 1 reports, the correlation between investment and total inflows for emerging markets is on average 0.25. These correlations do vary by region with Eastern Europe showing the highest correlation of 0.338, followed by Latin America at 0.254 and East Asia and the Pacific at 0.225. Table 1 also reports this correlation on a country basis. While the individual country correlations show some heterogeneity in magnitude, qualitatively most countries share a significant positive relationship, with the exception of Indonesia and Chile. These positive correlations between capital inflows and investment suggest capital is flowing into the emerging market economies to finance investment needs rather than to smooth consumption directly.
While total gross inflows typically have a strong positive relationship with investment, the correlations between a particular type of flow and investment vary dramatically. Across regions, Table 1 shows that debt has a positive correlation with investment, foreign direct investment (FDI) has a negative correlation, and portfolio investment has essentially no correlation. This suggests that the type Data on the correlations between types of capital flows suggest that emerging market firms sub-1 In this paper, we focus on gross private inflows. All capital flow data is from the International Monetary Fund's International Financial Statistics (IFS). Foreign direct investment refers to line "Foreign direct investment in reporting economy, N.I.E." Portfolio investment refers to line "Portfolio investment, equity securities, liabilities." Debt refers to the sum of lines "Portfolio investment, debt securities, liabilities" and "Other investment, liabilities." Total inflows refers to the sum of the foreign direct investment, portfolio investment, and debt. The three series are generally shown as a fraction of gross domestic product. stitute one form of financing for another. Table 2 shows the correlation between flows for various countries. Across different countries and regions, the degree of substitutability (negative correlation) or complementarity (positive correlation) varies. In Mexico, FDI is negatively correlated with debt and portfolio equity inflows. Figure 2 shows how the correlations between inflows fluctuate over time in Mexico. This paper explains these three stylized facts by modeling capital inflows as a source of financing for firms in a small open economy (SOE). Assuming financial frictions are nontrivial, a firm must decide not only how much to invest but how best to finance a particular project. Theoretically, going back to Modigliani and Miller (1958) , if sources of financing are perfect substitutes, then a firm can simply focus on how much to invest and randomly choose financing without affecting the value of the firm. Since capital flows are a source of financing, in a world with no financial frictions a country's external capital structure would be indeterminate and there would be no visible pattern in the flows.
Yet, the fact that a particular country does seem to favor one type of flow over another and that these flows tend to vary with the business cycle suggest that these forms of financing are not perfect substitutes and that the frictions force the inflow composition to vary over the business cycle.
The focus of our paper is on the dynamic composition of capital inflows. In contrast, most of the existing literature has focused on the long-run (i.e., static) determinants of the composition of capital inflows. The particular focus of the existing literature has been on explaining the revealed preference of FDI over other types of inflows. Razin et al. (1998) argue that while information asymmetries for foreigners inherently exist, these barriers can be overcome by investors actually producing in the emerging markets through FDI. Albuquerque (2003) argues that the lack of enforceability of claims in many emerging markets makes portfolio equity and debt less desirable than FDI for foreign investors. Hull and Tesar (2001) see the specialization benefits of FDI and the risk-sharing benefits of portfolio equity, suggesting the composition of flows can be complementary. While these factors may favor one type of flow, they are unlikely to be able to explain the dynamic composition of inflows and its relation to the business cycle. Moreover, these different theories focus in most part on the decision of the suppliers of funds (foreigners) to determine the resulting capital structure of the emerging market. Importantly, our model focuses on the demand considerations of the domestic firms given the constraints they face.
Since the early 1990s, there has been a surge in empirical work trying to establish whether changes in composition and volatility of capital flows are due to shifts in the supply of funds by foreign investors (push) or in the demand by domestic residents (pull). The policy concern is that, if capital is being pushed into emerging markets, it would be optimal for emerging market economies to design policies that encourage certain kinds of flows (e.g., long-term debt vs. short-term debt, FDI vs. portfolio flows) so that it would be more difficult for foreigners to reduce the supply dramatically if conditions changed in the emerging market. If financial frictions are nontrivial, however, government policies that target certain types of flows directly raise the cost of financing, leading to a reduction in welfare.
The empirical findings suggest that indeed both "push" and "pull" factors are needed to understand the composition of flows. Faria and Mauro (2004) provide empirical evidence on the importance of institutions in determining the external capital structure of a country. Faria et al. (2007) study the determinants of the cross-sectional composition of inflows between 1996 and 2004 and they find that financial development increases the share of equity inflows. Wei (2000) studies the impact of corruption on the dynamic properties of capital flows to emerging economies.
In the model presented here, financial frictions are present and firms are forced to optimize over an array of financing choices. A firm chooses not only the type of financing instrument but the owner of that instrument by choosing to raise capital among domestic agents and foreigners. In our model, agents face two sources of financial frictions: issuance costs for international debt and equity, which are paid by domestic firms, and FDI search costs, which are paid by foreigners. 2 To motivate why issuance costs are nontrivial, we focus on the large body of literature showing that external finance is more costly to firms than using retained earnings. The theoretical underpinnings are typically attributed to the existence of transaction costs, moral hazard, or asymmetric information. Like Gomes et al. (2006) and Bond and Meghir (1994) , we posit a cost function for raising capital externally instead of being concerned with the optimal contract. While the functional form of these costs may differ depending on the source of market imperfection, most models share two common features. Financing costs increase as more capital is raised and costs decrease as the size of the firm, measured by its capital stock, increases. To provide some motivation for these two properties of costly external finance, we appeal to the literature on transaction costs associated with public offerings. To launch an equity or debt offering, the domestic firms pay direct and indirect transaction costs based on the firm size and the size of the offering. The direct costs consist of administrative fees and underwriting costs.
Data for the U.S. shows that while administrative fees are minimal, the underwriting discount can be substantial. According to Lee et al. (1996) direct costs are on average 7% of the proceeds of seasoned equity offerings, 11% for initial public offerings, and 2 to 3% for bond issuances. 3
The second friction in our model is that multinational firms face search costs when purchasing a domestic firm. Due to different degrees of access to external financing, the value of a firm to a foreigner and to a domestic agent may differ. Therefore, multinationals have an incentive to purchase these financially constrained firms and provide them with less costly capital. We assume that finding a suitable company to buy takes effort and is therefore costly. Depending on the phase of the business cycle, the domestic firm may be more constrained, and thus the marginal benefit of buying that firm may be higher. As such, foreign firms are willing to exert more effort in trying to match. 4 This mechanism is very close in spirit to the one presented in Aguiar and Gopinath (2005) . The main difference is that they argue that this channel of FDI financing occurs only during crises, while in our model, the need for FDI financing is present throughout the business cycle.
Financial frictions are able to explain the interaction between the types of flows and deliver a timevarying composition of flows within a framework that is consistent with other features of emerging market business cycles. 5 To test the ability of these financial frictions to explain observed patterns in capital flows, we calibrate our theoretical model to the Mexican economy and simulate the model. Because the model does not incorporate capital control policy, we choose Mexico for its history of relatively few restrictions on capital inflows. We find that for reasonable values of the costs we are able to match quite well Mexico's private capital inflow structure over time.
An equilibrium model of capital flow determination
The goal of this paper is to provide a theoretical model to help disentangle the co-movement between different types of capital flows across the business cycle. We start with a canonical model of firm financing decisions and we augment it to fit an international framework appropriate for emerging markets. The model can be summarized as an SOE model with financial frictions and two sets of agents: foreign and domestic. The domestic SOE consists of firms and households. The domestic firms are subject to non-diversifiable productivity shocks and make decisions to finance investment. The firms invest in profitable projects and have the power to trade bonds and equity with the rest of the world. Domestic firms face debt costs and the potential to be bought out by multinational firms.
The households are risk averse and receive income from wages and from dividends paid by domestic firms. Domestic agents take the world interest rate as given. There are two kinds of foreign agents: the aforementioned multinational firms who search to purchase domestic firms and the global credit market of one-period bonds that determines the world real interest rate. Unlike the domestic firms that are limited by financial frictions, the multinational firms are unconstrained. However, they face search costs in finding a firm to purchase in the domestic economy.
Domestic households
A large number of identical, infinitely lived households inhabit the SOE. Households choose consumption and purchase shares in domestic companies to maximize the present value of lifetime utility U:
where U is a concave, continuously differentiable, instantaneous utility function. Households receive utility from consumption of perishable goods, c t . Labor supply, l, is inelastic. Households face the following period-t budget constraint:
The households receive income from labor, w t l, and receipts on domestic discount bonds, . The net domestic real interest rate is r d t . Given that labor is inelastically supplied, we normalize the labor supply to be equal to unity.
Domestic households' optimality conditions
The optimality conditions of the domestic households' problem in equation (2.1) are 4) where U ct represents the marginal utility of period-t consumption. The first condition is the standard Euler equation that determines the dynamics of domestic bond demand. The second condition equates the marginal cost of buying a share of equity and the marginal benefit that share provides.
Iterating equation (2.4) forward and imposing a non-bubble condition we can determine the price of an equity share as follows:
The price of a share is the discounted stream of dividends adjusted for the fact that a time varying portion of domestic assets may be purchased by a multinational.
Domestic firms
The value of the domestic firm is derived from the discounted value of returns on labor and capital. In addition, the value reflects the chance that the firm may be sold abroad. Every period the firms in the SOE face a time-varying probability, Θ t , of being bought by a foreigner which is taken as given. The price of the sold firm, V NASH t , is also taken as given and determined by the Nash bargain between the emerging market firm and the foreign firm, which we discuss later. Firms pay domestic households dividends and any proceeds from the sale of the firm to foreigners. Thus, the domestic value of the firm at any point in time, V D t , is given by
where M t+1 is the stochastic discount factor and div t are dividends paid to households.
There are a large number of identical firms in the SOE producing a single tradable good using a fixed labor input, l, and variable capital, k t . Firms produce the single tradeable good using a constantreturns-to-scale (CRS) technology y t = exp( t )f (k t ), where t is a Markov productivity shock and y t is output. Given a sequence of discount factors, M t+j , and purchase probabilities, Θ t , in a competitive equilibrium, domestic firms choose sequences of dividends, div t , desired capital stock, k t+1 , and foreign borrowing, b t+1 , to maximize the present value of dividends:
where . We assume that the bond issuance cost function is increasing and strictly positive for b t+1 > 0. The motivation for the cost function is the notion that external financing is more costly than self financing. While the form of this function may differ depending on the source of market imperfection, Gomes et al. (2006) and Bond and Meghir (1994) find that most models exhibit increasing marginal costs after controlling for the existing firm size as proxied by capital stock. 6 The relevant proxy for firm size is today's capital stock rather than the future capital stock; therefore, k t is used in the financing cost function.
Domestic firms' optimality conditions
When firms want to invest, they can either use domestic financing (reduce dividends) or borrow from the world credit market. 7 The firms choose the optimal capital stock and source of financing to minimize costs and maximize returns. Both the marginal cost of financing and the type of funds used fluctuate over the business cycle.
The optimality conditions for the domestic firms' maximization problem in equation (2.7) are
given by
The first condition, equation (2.9), equates the cost of postponing dividend payments today with the marginal return to investing those dividends and producing more in the next period. The marginal return to investing in the firm is driven by the discounted return to capital tomorrow. This is given by the marginal product of capital in the next period net of depreciation and conditional on the firm remaining a domestic firm. One additional benefit reflected in the marginal return to investing is that next period's issuance cost falls which is captured in the b t+2
term. The discount factor applied to the marginal return of investment is driven by the households' marginal rate of substitution, M t+1 and the search frictions 1 − Θ t . The search frictions alter the probability the domestic firm will be purchased, Θ t , and make investment more volatile. Firms have to make investment decisions, unsure whether or not they may be bought out. As the probability of being purchased increases, the marginal benefit of investing falls. The financial frictions also impact the discount rate indirectly through the marginal rate of substitution. Costly external financing lowers consumption via the resource constraint, raising the intertemporal price of consumption.
The second condition, equation (2.10), equates the marginal benefit of borrowing, net of the cost of issuance, and the marginal cost of borrowing in terms of interest payments in the next period.
These costs are discounted by the stochastic discount factor and are conditional on the firm not being sold to a foreigner through FDI. In this way, the search friction reduces the effective cost of borrowing for firms. Firms would like to borrow more if they are more likely to be purchased.
Return to investment
The financial frictions affect the returns to investing in the domestic economy in several ways. We can combine the domestic firms' optimality conditions for bonds in equation (2.10) and capital in equation (2.9) to obtain the following expression:
where the marginal product of capital, accounting for depreciation and decreased future bond issuance costs, is given by
. Examining the first term in the returns for investment, costly debt finance directly raises the effective world interest rate,
. Risk induced by the foreign interest rate shocks COV t M t+1 , 1 + r * t+1 also increases the effective borrowing rate. Both of these terms raise the expected marginal product of capital in the next period and depress desired investment. Costly finance, costly search, and the probability of being bought also affect the path of consumption through the resource constraint and through the impact on domestic interest rates. By rewriting equation (2.11), we can see how this first-order condition relates to the standard frictionless model;
.
(2.12)
Looking at (2.12), we see the first two terms are standard determinants of the returns to investing.
Due to the frictions, the third term shows that an increase in the magnitude of the financial friction will drive the investment return even further above the world interest rate. Because the returns to investing are driven by the domestic firms' financing decisions, investment and consumption are correlated and the Fisherian separation of savings and investment does not result. Thus, frictions increase the correlation between savings and investment, helping to explain the Feldstein and Horioka (1980) puzzle.
The domestic interest rate
Putting together the households' optimality condition for domestic bonds in equation (2.3) and the firms' optimality condition for international debt (2.10), we can express the domestic economies' return on bonds r d t as a function of the world's return on bonds r * t and the financial frictions:
If there were zero cost of issuance, η b = 0, and no FDI, Θ t = 0, equation (2.13) reduces to:
Any difference between the domestic interest rate and the world interest rate would be due to the covariance between the international interest rate and the stochastic discount factor. Given that in equilibrium the firms' stochastic discount factor equals the households' intertemporal marginal rate of substitution, deviations from interest rate parity would be generated by any additional risk to domestic consumption from world interest rate movements. This risk leads to domestic households engaging in precautionary savings. This interest rate wedge is a standard result of small open economy models.
With financial frictions (positive cost of issuance and search), the relationship between the domestic interest rate and the world interest rate is determined by the direct impact of the frictions on equation (2.13) and by their indirect impact on the stochastic discount factor. The financial frictions generate a wedge between the interest rate determined on world credit markets and the domestic interest rate. There are two components of the wedge: one is driven by the probability the domestic firm will be bought out by a multinational and the other is driven by costly external financing. A higher probability of a firm being bought by a foreigner decreases the domestic interest rate relative to the world interest rate. The marginal cost of investing using debt falls because firms face a higher probability that they will not have to pay the debt back in the future.
This wedge varies with the business cycle. For example, if the domestic economy is in a recession and receives a positive productivity shock, domestic firms would like to invest. However, since their capital stock is relatively low at that point in the business cycle, the cost of borrowing abroad,
, is high and this drives the domestic interest rate up. Foreigners who do not face costs and constraints are more likely to want to invest. Therefore, multinationals are willing to exert more effort to increase their probability of matching, which raises Θ t . As the domestic firms invest and the economy expands, the financing premium falls and the domestic interest rate approaches the world interest rate.
Foreign multinationals
We assume that there is a search friction when foreign multinationals purchase domestic firms. We further assume that the foreign multinationals are unconstrained and have a zero outside opportunity.
Finally, we assume that, once a domestic firm is found, the multinational and the domestic firm engage in bargaining to set the sale price of the domestic firm.
Let V F t be the unconstrained value of domestic firms and V t be the constrained value of domestic firms. Given our assumption that multinationals are unconstrained (i.e., η b = 0), the unconstrained value of the firm is given by the following expression:
(2.14)
Implicit in this expression is the timing assumption that firms are taken over after dividends to domestic households are paid. We can iterate this expression of the value of the firm to obtain the usual result that the value of the firm to the foreigner is the discounted value of dividends. In the equation below, k f represents the optimal capital stock for the unconstrained multinational:
The after-dividend value of the firm to the domestic agent, V t , is given by iterating forward (2.7)
and subtracting current dividends to obtain the following expression:
The multinationals' valuations of the domestic firms and the domestic firms' own valuations differ for two reasons. First, the stochastic discount factors differ because the households in the emerging markets do not have access to foreign capital. Second, because the foreign multinationals are not constrained they make different choices concerning the optimal capital stock, so k f = k d , which is reflected in the dividend policy.
The surplus of a sale of a constrained firm, S, is the difference between the constrained and unconstrained value of the firm:
The inequality comes from the fact that the domestic value of firm is the constrained value of the firm, while the value of the firm to foreigners is unconstrained.
The Nash-bargaining price, V NASH t , divides the surplus from equation (2.17) between the domestic firm and the multinational based on the domestic firm's bargaining power, ψ;
The foreign multinational knows that it pays V NASH t if it finds a domestic firm.
We assume that the probability that a foreign multinational matches with a domestic firm is a function of search effort, e t . Effort costs, χ(e t ), are expressed in terms of tradeable units and we assume that this cost is increasing in effort. Foreign firms choose search effort, e, to maximize the expected value of the surplus they receive minus their effort costs: 19) where Θ(e t ) is the probability of a match, which depends on the effort spent on searching.
Working with the first-order conditions for the multinationals, we can see that the amount of FDI is driven by the difference between the domestic and multinational firm values:
(2.20)
As the domestic value of the firm, V t , increases, the valuation wedge, (
, falls forcing less FDI to occur and the share of domestic ownership to increase.
Other models have also attributed a valuation wedge as the impetus behind FDI flows. However, the reason for the valuation wedge can stem from a variety of factors. Chari et al. (2004) argue multinationals bring better institutions (e.g., better governance) and Alfaro and Charlton (2007) suggest multinationals offer knowledge transfers. Indeed, those "static" factors may be important in the long run in determining the degree of foreign ownership in an emerging market economy. In addition to these other alternative factors, we suggest here that access to financing plays a role in generating a wedge between the valuation of a firm to domestic residents and to foreign buyers.
Unlike other theories, the benefit of this access to financing theory is that it can explain why changes in foreign ownership, FDI, tends to vary over the business cycle.
Substitutability of inflows
In the model, the key to why FDI flows and bond flows are negatively correlated is dependent on the volume and value of FDI flows moving separately. FDI is driven by two components, the change in foreign ownership (volume), Θ(e t ), and the value at which the domestic ownership rights are sold,
When desired capital next period is high, firms are willing to finance projects using costly external finance so debt increases, which in turn drives the domestic interest rate above the world interest rate. Because these financing costs are faced by domestic agents and not by the multinationals, the surplus that the multinationals can gain from a buyout increases. As the benefit to matching rises, multinationals increase their effort to search, increasing the probability a firm is purchased, Θ(e t ). However V NASH t at this time is relatively low, since the capital stock is low in the domestic economy, pushing down the option value for the domestic agents. As the domestic economy expands, the capital stock increases, driving up the option value and increasing V NASH t , and thus FDI. At the very beginning of an economic expansion, more domestic firms are purchased by foreigners but at a relative discount, causing FDI flows to be small. It is only later in the cycle as foreigners are forced to pay a higher price to purchase an emerging market firm that FDI flows increase.
Incorporating portfolio equity
For many of the emerging market economies in recent years, portfolio equity has also been a source of capital. The role of portfolio equity in the composition of capital flows can easily be added to the existing framework with the addition of two assumptions. The first assumption is that dividends face a lower bound. Both reducing dividends and issuing secondary shares are essentially the same use of equity. Therefore, if portfolio equity issuance is costly, like debt, then the firm would always choose to reduce dividends rather than pay the external financing costs. In order to make the portfolio equity cost relevant, dividends must be limited. Second, we assume that equity issuance must be non-negative, so that the dividend constraint may bind.
The value of the domestic firm is derived from the discounted value of returns on labor and capital.
To account for secondary offerings, we must adjust the value of the firm to reflect both the possibility that new shares, sec t , may be issued and that there is some chance the firm will be purchased by a foreigner. To incorporate the impact of new issuance on firm value, we follow Fazzari et al. (1988) and adjust dividends, div t , by the dilution that arises from the secondary equity issuance, sec t :
where div t is the measure of adjusted dividends.
The total value of the firm, V D t , is the present value of dividends adjusted for the present value of new shares that would have to be bought by current equity holders to maintain a proportional claim on the firm. We assume that the domestic firms pay an equity issuance cost η sec sect kt similar to the bond issuance cost that also reduces dividends paid to households. With secondary offerings as an additional financing option, the maximization problem for the firm in equation (2.7) is altered somewhat as indicated below; 21) subject to the two additional constraints: When the multinationals buy up these publicly traded shares, capital flows into the domestic economy in the form of portfolio equity.
Market clearing conditions
For the domestic economy, it must be the case that domestic bonds are in net zero supply across all individuals i:
We normalize the sum of domestic shares in domestic firms, i s i t = 1. Given the large number of identical domestic firms, following Pissarides (1985) the probability a firm is taken over is equal to the portion of domestic firms taken over. 8 Therefore, Θ t , the probability of a firm buyout is equal to φ t , the portion of domestic assets taken over by multinationals.
Given Θ t =φ t the law of motion for the stock of FDI, (1 − γ t ), follows below:
where κ is an exogenous separation rate. Domestic ownership for the entire economy falls as the portion of domestic firms that match increases. Gross FDI inflows may be zero or even negative due to the exogenous separation. When a merger falls apart, and the multinational separates from the domestic firm, the foreign ownership is assumed back into the domestic capital stock. Considering that some firms are owned by domestic agents and some by foreigners, the sum of all dividends paid out to domestic agents must be equal to γ t div t . Likewise the payout to the households by the multinationals
Using these market clearing conditions and the household budget constraint, equation (2.2), we can define the resource constraint for the economy:
Thus, aggregate consumption equals the sum of the share of dividends paid to domestic residents, net proceeds from buyouts by foreigners, and wage income.
We define gross investment as i t ≡ k t+1 − k t (1 − δ). Substituting into the aggregate household budget constraint in equation (2.25) the definition of investment and dividends in equation (2.8) and
ignoring issuance costs, we derive the following expression:
This equation is simply the balance of payments for the model economy, which allows us to match the model to the data.
In the decentralized equilibrium, since the households own the firms, the discount rate of the firm reflects the households' marginal rate of substitution:
Stochastic processes and competitive equilibrium
To complete the model, we specify the stochastic process for the productivity shocks, e t , and the world interest rate shocks, z t . We assume that both of these shocks follow a first-order autoregressive process and they are possibly correlated. We discretize the process for the two shocks using a simple persistence rule. households maximize utility subject to the budget constraint taking as given factor prices, goods prices, and asset prices, (c) foreign multinationals maximize their surplus, and (d) the market-clearing conditions for equity, labor, and goods markets hold.
Recursive equilibrium and numerical solution technique
The model's competitive equilibrium is solved by reformulating it in recursive form and applying a numerical solution method in a similar manner to Mendoza and Smith (2006) . The challenge of the numerical solution is to keep track of optimizations for all four agents: domestic households, domestic firms, foreign investors (debt and equity holders), and foreign multinational firms.
To facilitate computation of the equilibrium, we represent the domestic economy's problem (household and domestic firm) as a domestic social planner's problem. The domestic social planner makes investment, international borrowing, and secondary offering allocations. The advantage to solving the problem in this manner is that one can use the concavity of the utility function to get a unique solution on a coarser grid, which is more efficient given the multiple endogenous state variables.
In a similar manner to Mendoza and Oviedo (2006) and Kehoe (1987) , the equilibrium between the domestic social planner and the multinationals is solved as a Nash Equilibrium of a two player dynamic game under uncertainty where both players move simultaneously. To solve for the equilibrium, the domestic social planner and the multinationals formulate there optimal plans taken as given a conjecture of the optimal plans' of the other agent. Given the multinational's conjectured effort level in searching for a domestic firm to buy, the domestic social planner infers a probability of a match and the selling price of the firm, which are used to determine the optimal investment, international borrowing, and secondary offering allocations. Likewise, given a conjecture of the domestic social planners capital and debt decisions, the multinational infers the buyout price and solves for the optimal effort level in procuring a match.
The domestic social planner faces the following state variables: capital, k, and international borrowing, b, as the endogenous state variables and and ζ as the exogenous states. The domestic social planner takes as given V NASH and φ, which are the price that the agents receive if part of the capital stock is sold to multinationals and the portion of domestic assets sold, respectively. The optimal allocation for the domestic social planner is characterized by the value function, V S , that solves the following recursive problem: 9 firms' first order conditions with respect to capital and debt in equations (2.9) and (2.10). 10 On the multinationals side we use the first order conditions to determine the decision rule for search effort, e t , guaranteeing the competitive equilibrium outcome.
The general outline of the solution algorithm is to solve the social planner's problem, given the conjecture of the portion of the domestic assets sold to the foreigners, φ(k, b, , ζ) and the price at which the domestic firms are sold, V NASH (k, b, , ζ), using standard dynamic programming techniques.
Given the optimal allocations of consumption, investment, and financing, the value of the financially constrained firm is determined. This is then used to determine V NASH . V NASH is plugged into the foreign multinationals' first-order conditions to determine the multinationals' effort levels, e t , which in turn determines Θ(k, b, , ζ). In equilibriumΘ =φ, soΘ(k, b, , ζ) and V NASH become the new conjectures for the domestic social planner. The process continues until
The domestic social planner's problem, as given by the recursive equation (3.1), is solved by value function iteration. The value function is iterated, alternating between a full optimization and a recursion of the decision rules, until the value function does not change over successive iterations.
The state space for capital stock includes N K discrete nodes and the state space of bond positions includes N B discrete nodes. The state space of endogenous states is thus given by 90 × 40 elements.
Functional forms and baseline calibration
To evaluate the model numerically, we make assumptions regarding the functional forms of the production function, the instantaneous utility function, the financial frictions, and the search intensity process. For the production function, we use the usual constant-returns-to-scale Cobb-Douglas form:
where labor share of income is given by α.
We assume that the instantaneous utility function is of the constant relative risk aversion (CRRA) form:
The CRRA parameter is equal to σ.
The functional forms for the adjustment costs of bonds and secondary offerings are quadratic:
Finally, we assume that the probability of a match for the foreign firms is given as a logistic function of effort, e:
Θ (e) = πe 1 + πe , (3.6)
where π determines the elasticity of the match probability with respect to effort. A low level of π means that the probability of a match is not very sensitive to search effort. In our model for a given cost of effort, if the elasticity π is low, then domestic firms' value has to fall far below the unconstrained value of the firm to induce much search effort and a large number of FDI transactions.
If, alternatively, the elasticity is high, then a small deviation of the firms' domestic value from the unconstrained value induce more search effort and more FDI transactions.
In terms of the calibration, we follow standard practice in the real business cycle (RBC) literature and set our model's parameters to match standard features of Mexican data and international data.
We first determine the values for technology and preference parameters (α, σ, β Hence, we adopt instead a labor share α equal to 0.65, which is in line with international evidence.
In terms of preference parameters, we choose the coefficient of relative risk aversion σ equal to 2.0, roughly in line with other international RBC studies. The gross annual real interest rate is set to 6%.
We set the rate of time preference, β equal to 0.984, which is the inverse of the real interest rate. 12
The calibration yields a deterministic stationary state that replicates Mexico's 1970-95 average GDP shares of private consumption and investment at current prices. Using data from the World Bank's Development Indicators, the consumption share is equal to 0.684 and the investment share is equal to 0.217. Our model yields a steady state consumption share equal to 0.687 and an investment share equal to 0.307.
We now discuss the calibration of the financial frictions parameters (η b , η sec , γ, π, ψ, κ). We set the debt issuance cost parameter η b equal to 0.075 so that, in steady state, debt is roughly 13% of GDP, which is consistent with the Mexican data if only private flows are examined. To set the equity issuance cost parameter, we appeal to the empirical evidence on transaction costs for public offerings.
To launch an equity or debt offering, domestic firms pay direct and indirect transaction costs based on the firm size and the size of the offering. For the costs of equity issuance, the direct costs consist of administrative fees and underwriting costs. Data for the U.S. show that while administrative fees are minimal, the underwriting discount can be substantial. According to Lee et al. (1996) direct costs are 7% on average of the proceeds of seasoned equity offerings, 11% for IPOs, and 2 − 3% for bonds issuances. International offerings tend to be significantly higher. Issuing American Depository
Receipts on the New York Stock Exchange, for instance, requires costly conversion to U.S. accounting standards and many additional fees. We set the secondary issuance cost parameter η sec equal to 0.04.
In steady state, the domestic share of the capital stock γ is 0.92, which is consistent with the findings of Mendoza and Smith (2006) . In terms of the search parameters, the bargaining power of the domestic household is ψ = 0.1, the elasticity of the matching probability is π = 0.5, and the rate of separation κ is set to 0.0788.
Given the Markov process of productivity shocks, the standard deviation and first-order autocorrelation of GDP match the standard deviation and first-order autocorrelation of the HP-filtered quarterly cyclical component of Mexico's GDP reported in Mendoza (2006) . In terms of the simple persistence rule, this requires H = 0.0178 and the autocorrelation of the shock equal to 0.683.
Quantitative results
Given the calibrated parameters, we follow the numerical solution technique outlined in Section 3 to derive the decision rules for the state variables. The decision rules are then used to calculate simulated business cycle statistics. The goal of the quantitative results is twofold. First, we compare the business cycle statistics of the model with frictions to the nearly frictionless case to assess the quantitative impacts of the frictions. Second, we compare the business cycle statistics of the simulated data to the actual data to determine if the model can capture capital flow dynamics in Mexico.
Business cycle dynamics
The key to our model's ability to capture the dynamics of capital inflows is that financial frictions determine how a firm finances its investment. Since the limiting distribution of our endogenous state variables determine the moments for all the macro aggregates, we first examine the impact of the financial frictions on the limiting distribution of both bonds and capital. Figure 3 compares the distribution of capital in a nearly frictionless economy to one in which the financial frictions are present. The frictions tend to lower investment, shifting the distribution of capital to the left and resulting in a slightly lower mean capital stock. While the frictions have a relatively small impact on capital, the distribution of bonds differs dramatically under financial frictions, as evident in Figure 4 .
Small changes in costs have a large impact on the distribution of debt, as firms choose other means of financing.
To show the impact of the financial frictions on the business cycle statistics, Table 4 compares simulated macro aggregates from the model with frictions to both the nearly frictionless model and the actual data. Examining the standard deviations (both absolute and relative to GDP) of consumption, both models tend to underestimate consumption volatility. Consistent with the theory, frictions make consumption smoothing more costly; the standard deviation of consumption relative to GDP increases from 0.44 in the frictionless case to 0.51 in the benchmark calibration. The relative standard deviation of consumption under the benchmark calibration still falls short of the 1.60 found in the Mexican data. The investment volatility falls dramatically as a result of the frictions. With frictions, the relative standard deviation of investment, 4.38, is close to the 3.71 observed in the data. In the model, even without explicit capital adjustment costs, the financial frictions cut investment volatility in half relative to the nearly frictionless case. Along with investment, the current account volatility also falls sharply, but remains almost twice as volatile relative to GDP as in the data.
We turn to the correlations between the macro aggregates in the last two columns of Table 4 . Consistent with the notion of Fisherian separation, in the frictionless model consumption and investment dynamics are nearly uncorrelated (correlation of 0.02). Due to reduced risk sharing associated with increased financial frictions, the correlation between investment increases to 0.23 in the benchmark parameterization. The correlation is still below 0.55 found in the data. Due to the lack of impediments to capital mobility, in the frictionless model there is almost a perfect negative correlation between the current account and investment. With frictions, consumption and investment begin to move together and lessen capital flows in response to productivity shocks, lowering the correlation between the current account and investment. Table 5 shows the dynamic composition of flows over the business cycle as determined by costly external financing and search costs. Since the composition of capital flows is indeterminate in the frictionless case, we only compare the benchmark model moments to the Mexican data. The first two columns of Table 5 The last three columns on Table 5 show the impact of costly external financing and search costs for multinationals on the interaction between flows. Consistent with the third stylized fact, the model generates a a negative correlation between FDI and debt but a positive correlation between portfolio equity and debt inflows. As Section 2.3 indicates, the negative correlation between debt and FDI may not be a simple validation that two types of flows are substitutes. Because FDI is the proceeds from a change in ownership from a domestic agent to a foreign ownership, the value of FDI depends both on the number of transactions that occur and the sale price. These two components of FDI may not necessarily move together. The reason the model matches the data so well comes from the cyclical nature of the "valuation effect." As a firm accumulates capital, the option value for the managers of the domestic firm increases and therefore, in a Nash bargain, the sale price must rise. The negative correlation between FDI and debt emerges because the capital stock increases only after the firm borrows from abroad. As borrowing eventually becomes more expensive, firms reduce additional borrowing and more FDI takes place at a relatively high price as firms have built their capital stock using debt. If, alternatively, domestic firms would not have been able to borrow and thus would not have been able to build their capital stocks, the value of FDI may have been low even if the number of transactions were high because the price of those transactions would have been depressed.
To further demonstrate the frictions' impact on capital flow dynamics, Figure 5 plots key macro aggregates simulated responses to a one standard deviation productivity shock. The positive productivity shocks encourage investment and firms finance that investment abroad. While debt (not plotted) and portfolio equity flows in immediately to meet the investment needs, FDI falls initially due to the valuation effect and only increases after the capital stock is built up and the foreign value of the firm increases.
Sensitivity analysis
The calibration of the costly external financing function is challenging because the financing costs are both explicit and implicit, making them difficult to document, particularly for Mexico. To show robustness of the results, Table 6 shows standard business cycle statistics for the model solved for differing levels of the bond and equity issuance cost parameters. Several results are worth noting. First, as the financial frictions rise, saving and investment become more correlated. Thus, financial frictions internal to the domestic economy may drive up the time series correlation of savings and investment, as Feldstein and Horioka (1980) conjecture. The correlation of investment with debt and FDI varies slightly with the degree of financial friction. Finally, and more importantly, the correlation between the two types of financial inflows can change depending on the magnitude of the financial friction. The final two columns on Table 6 show the impact on the relationship between FDI and debt as we alter the parameters of costly search. These parameters may be more closely tied to non-financial institutions within an emerging market. The ease or difficulty of finding a match and the bargaining power of the domestic firm can be linked to many exogenous factors such as distance, information asymmetries, and property rights. The search elasticity and the bargaining power impact the correlation between inflows but exert less of an influence on the correlation of inflows with investment. As the search elasticity falls, the negative correlation between FDI and portfolio equity increases to −0.63. In terms of the bargaining power, as the domestic agents' bargaining power increases and the multinationals earn less of the surplus, the correlation between debt and FDI falls. This is consistent with the fact that FDI flows seem to be driven by valuation (sale price) effects versus volume (number of sales)
effects.
The sensitivity of the results to the calibration is important for explaining the heterogeneity in the composition of flows across various emerging market economies. As Table 1 shows, while debt and FDI are substitutes, the magnitude of the correlation differs by country. In light of the sensitivity analysis, we can link this heterogeneity to both varying degrees of access to external financing captured in the adjustment cost functions for debt and equity and institutional factors in the economy that drive search costs.
Conclusions
This paper provides a theoretical model to disentangle the co-movement between different types of capital flows across the business cycle. We augment the canonical model of a firm financing decision to fit an international framework appropriate for emerging markets. After calibrating the model to Mexico, the simulation results suggest that the model is successful at matching several key stylized facts. First, the model is successful in generating a positive correlation between total inflows and investment as firms use the capital inflows to finance investment. Second, while bonds and portfolio equity tend to move with investment, FDI tends to be counter to investment. Third, we show how costly external finance for domestic firms and search costs for multinationals work together to generate a large degree of substitutability between FDI and portfolio equity as well as between FDI and debt, but a high degree of complementarity between portfolio equity and debt inflows. From the sensitivity results, it is clear that differences in the magnitude of financial frictions in different countries can generate a large changes in the correlations between different types of inflows and between the inflows and investment.
This work suggests that, counter to traditional thinking, the volatility in specific types of flows is not necessarily unhealthy for an emerging market. If, as this work suggests, flows are an equilibrium outcome of firms' financing decisions arising from financial imperfections, then the volatility of capital flows observed in the real world may simply a result of optimizing behavior. Thus, it would be preferable to address the underlying cause of volatility, the institutional features that lead to financial imperfections, rather than to use capital controls to improve domestic welfare. The important next step is to use the framework we presented here to consider the welfare implications of various policies used to control the flow of capital to emerging markets. Note: The forecasting functions measure the response to a one standard deviation positive productivity shock as the percent deviation from long run means. The series were simulated based on the benchmark calibration, conditional on the steady state bond position. σ i is the standard deviation reported in percentage terms. σ i /σ y is the ratio of the standard deviation relative to GDP. ρ(i, j) is the correlation of the row with series j. All flows are quarterly gross inflows as a percent of GDP, filtered using BP filter. FDI refers to foreign direct investment, PE refers to portfolio equity, and debt refers to private debt. Investment and consumption expressed in real log per capital terms and filtered using BP filter. Data span: 1981Q1-2006Q1. Source: IFS. Note: The nearly frictionless model is calibrated with relatively very small financing costs on bond issuance and no search or portfolio equity costs. σ i represents the standard deviation. σ i /σ y is standard of deviation ratio with GDP. ρ(i, y) is correlation with GDP. ρ(i, I) is correlation with investment. Notes: ρ(i, y) is the correlation with GDP. ρ(i, I) is the correlation with investment. ρ(i, Debt) is the correlation with debt inflows as a percent of GDP. ρ(i, F DI) is the correlation with FDI as a percent of GDP. ρ(i, P E) is the correlation with portfolio equity inflows as a percent of GDP. 
